Three new insecticidal sesquiterpene polyol esters with dihydro-β-agarofuran skeletons, Kupiteng esters A (1), B (2) and C (3), were isolated from the methanol extracts of the root bark of Celastrus angulatus and their structures elucidated by analyses of MS and NMR spectral data. The insecticidal activities of these compounds against the 4 th instar larvae of Mythimna separata were evaluated. The KD 50 values of compounds 1-3, were 260.2, 445.5 and 1260.0 μg·g -1 , respectively.
The sesquiterpene polyol esters with a dihydro-βagarofuran skeleton are based on the 5,11-epoxy-5α,10β-eudesman-4-(14)-ene skeleton comprising A and B rings of an axially dimethylated trans-decalin with a 1,3-diaxially fused, Me 2 C-O bridge constituting the tetrahydrofuranyl C-ring [1, 2] (Figure 1 ). They are the most widespread and characteristic group of secondary metabolites isolated from the Celastraceae. Moreover, they have attracted considerable attention from synthetic organic chemists and pharmacologists due to their complex structures and a wide range of biological properties, including immunosuppressive [3, 4] , cytotoxic [5] , anti-HIV [6] , reversing multi-drug resistance (MDR) in leishmaniasis [7] [8] [9] [10] , antitumor [11, 12] , narcotic and insecticidal activities [13] [14] [15] [16] [17] . On the basis of their biological and structural properties, these sesquiterpenes have been selected as "privileged structures" [1, 2, 8, 18] .
In previous studies, antifeedant, narcotic, and insecticidal dihydro-β-agarofuran sesquiterpene polyol esters and alkaloids were isolated from toluene extracts of the root bark of C. angulatus (Celastraceae) [13] [14] [15] . In pursuit of active compounds for QSAR research on insecticide activity against the 4 th instar larvae of Mythimna separata, the chemical constituents were reinvestigated and led to three novel sesquiterpene polyol esters, Kupiteng A (1), B (2) and C (3), whose isolation, structure elucidation and preliminary bioassay data are presented here. The air-dried root bark of C. angulatus was extracted with MeOH to obtain the crude extract, which, after evaporation, was re-extracted with benzene to obtain a semisolid residue which was subjected to macroporous resin column chromatography, repeated silica gel column chromatography and RP-HPLC to yield 1-3 ( Figure 2 ) whose structures were elucidated by UV, HR-ESI-MS and NMR spectroscopy.
Compound 1 was obtained as an amorphous white powder, with molecular formula C 30 H 40 O 13 by HR-ESI-MS (positive mode). The 1 H and 13 C NMR spectra of the atoms in the dihydro-β-agarofuran skeleton are shown in Table 1 H- (6) with the carbonyls at δ 170.13, 169.75, 169.59 of three acetate esters, respectively. One free hydroxyl group was situated at C-4, as shown by the 1 H NMR chemical shift. The stereochemistry for H-1, H-2, H-6 and H-9 of compound 1 was as reported for sesquiterpene esters [19] , with similar coupling patterns, coupling constants, and cross peaks in the NOESY spectrum, which showed a correlation between H-6 and H-9 indicating the presence of H-9eq ( Figure 4) . Thus, the chemical structure of compound 1 was identified as 1β, 2β,6α-triacetoxy-9α-furoyloxy-12-isobutanoyloxy-4αhydroxy-dihydro-β-agarofuran.
Compound 2 was obtained as an amorphous white powder, with molecular formula C 32 H 42 O 12 by HR-ESI-MS (positive mode). The 1 H, and 13 C NMR spectra of the atoms in the dihydro-β-agarofuran skeleton are shown in Table 1 and 2. The IR spectrum revealed characteristic ester absorptions at 1732 cm -1 , and a free hydroxyl absorption at 3558 cm -1 . The UV spectrum contained an aromatic moiety [UV/Vis λmax (MeOH) =230nm]. The ESI-MS contained fragmentation ions suggesting the presence of acetate, benzoate and isobutanoate ester groups. This was confirmed by the NMR, which also indicated the presence of three acetate esters, one isobutanoate ester, one benzoate ester and one free hydroxyl groups. The 1 H, 13 C NMR (DEPT) of the parent skeleton of 2 were similar to those of 1, which suggested it also contained a 1, 2, 4, 6, 9, 12hexasubstituted-dihydro-β-agarofuran skeleton. The COSY spectrum and NMR data indicated the stereochemistry for H-1, H-2, H-6 and H-9 of 2 was the 13 C NMR spectra of the atoms in the dihydro-β-agarofuran skeleton are shown in Table 1 and 2. The IR spectrum revealed characteristic ester absorptions at 1722 cm -1 , and a free hydroxyl absorption at 3523 cm -1 . The UV spectrum contained an aromatic moiety [UV/Vis λ max (MeOH) = 240 nm]. The ESI-MS contained fragmentation ions suggesting the presence of acetate and furoate ester groups. This was confirmed by the NMR, which also indicated the presence of four acetate esters, one furoate ester and one free hydroxyl groups. The 1 H, 13 C NMR (DEPT) of the parent skeleton of 3 were similar to those of 1 and 2, which suggested that it also contained a 1, 2, 4,6 9,12-hexasubstituted-dihydro-β-agarofuran skeleton. The COSY spectrum and NMR data indicated the stereochemistry for H-1, H-2, H-6 and H-9 of 3 was the same as 1 and 2 because of the similar coupling patterns, coupling constants, and the cross peaks in the NOESY spectrum. The HMBC showed correlations of H- (9) with the carbonyl at δ 161.84 of the furoate ester, and of H-(1), H-(2), H-(6), H- (12) with the carbonyls at δ 169.80, 169.58, 170.36, 170.68 of four acetate esters, respectively. One free hydroxyl group was situated at C-4, as shown by the 1 H-NMR chemical shift. Thus, compound 3 was identified as 1β, 2β, 6α, 12-tetra-acetoxy -9α-furoyloxy-4α-hydroxy-dihydro-β-agarofuran. The preliminary insecticidal activities in Table 3 (for methodology see [13] [14] [15] [20] [21] [22] ) showed that the KD 50 values (the dose required to knock down 50% of the population of Mythimna separata) for compounds 1-3 were 260.2, 445.5 and 1260.0μg·g-1, respectively. The fact that the activity of compounds 1 and 2 are more than that of 3 suggests that the isobutanoate esters at C-12 contribute much to insecticidal activity.
Experimental Section
General: Insecticidal activity: Leaf discs of known area were treated with known amounts of the test samples dissolved in acetone (acetone and celangulin V were used as control). The 4 th instar larvae of Mythimna separata were fed with the discs for 12 h (repeated 10 times for each sample). After 24 h, the numbers of knocked down larvae (symptoms: the larvae were narcotized, the bodies were very soft and immobilized, and response disappeared completely) were recorded, and the toxicity was ascertained by estimating the median knock-down dose (KD 50 value) of the test sample [13] [14] [15] . 
